General Methods
LCMS data was acquired on a Waters Acquity UPLC-MS instrument using a Waters Acquity system including column manager, binary solvent manager, sample organizer, PDA detector (operating at 254 nm), ELS detector, and TQ-MS equipped with APPIsource operating in positive ion mode. The LC conditions were: Acquity UPLC BEH C18 1.7 μm; 2.1 × 50 mm operating at 60 °C with 1.2 mL/min binary gradient consisting of H 2 O+0.05% trifluoroacetic acid (TFA) (A) and MeCN+5% H 2 O+0.05% TFA (B). Gradient: 0.00 min: 10% B; 1.00 min: 100% B; 1.01 min: 10% B; 1.15 min: 10% B. Retention times must be compared to a total run time of 1.15 min. HRMS data were acquired on a Bruker Daltonic MicroTOF using internal calibration and ESI in positive mode. NMR data were collected with a Bruker 600-Avance-III spectrometer equipped with a 5 mm TCI cryoprobe operating at 600 and 151 MHz for 1 H and 13 C, respectively. The solvents used for NMR were CDCl 3 , with reference signals for CHCl 3 (δ = 7.26 ppm, 1 H) and (δ = 77.16 ppm, 13 C), and DMSO-d6 with the reference signals for residual DMSO (δ = 2.50 ppm, 1 H) and (δ = 39.51 ppm, 13 C) using TMS as internal reference. The chemical shifts are provided in ppm and broad proton signals are labeled (br).
General Procedure for the Synthesis of β-Proline Esters Using Cycloaddition (A)
To a stirred solution of an unsaturated ester (1 equiv.) in toluene (0.4M w.r.t. the ester) was added N-benzyl-1-methoxy-N-((trimethylsilyl)methyl)methanamine (1.5 equiv) at 0 C under argon. After 10 min, a solution of TFA (0.1 equiv) in CH 2 Cl 2 (1M w.r.t. TFA) was added to the mixture and stirring was continued for 2-18 h while allowing the temperature to slowly reach rt. Subsequently, the volatiles were removed in vacuo and the resulting crude residue was purified using silica gel chromatography to provide the desired cycloaddition product 1a-e.
General Procedure for the Oxidation of Alcohols to Aldehydes (B)
To a solution of alcohol in CH 2 Cl 2 (0.17M) was added Dess-Martin Periodinane (1.5 equiv) at rt. To the stirred suspension was then slowly added H 2 O (1.1 equiv) using an automatic pipette after which the suspension turned completely white. Stirring was continued for 1 h followed by the addition of Et 2 O (0.02M w.r.t. the alcohol) and the resulting suspension was gently concentrated in vacuo to a few mL after which Et 2 O was added. The ethereal solution was washed with a 1:1 mixture of sat. aq. NaHCO 3 and 10% Na 2 S 2 O 3 until the phases became clear. The aqueous phase was back-extracted with Et 2 O and the combined ethereal phases were dried over MgSO 4 , filtered and concentrated in vacuo to provide a crude residue that was purified by silica gel chromatography to provide the desired aldehyde.
Preparation of The Spirocycles and Derivatives

2-Oxa-6-azaspiro[3.4]octane Scaffold (1a)
Ethyl 6-benzyl-2-oxa-6-azaspiro[3.4]octane-8-carboxylate (1a): The general procedure A over 12 h provided 1a (5.3 g, 19.25 mmol, 55% yield) as a colorless oil.
1
H NMR (600 MHz, CDCl 3 ) δ 7. 33 -7.29 (m, 4H), 7.27 -7.24 (m, 1H), 4.72 -4.64 (m, 2H), 4.51 -4.43 (m, 2H), 4.23 -4.15 (m, 2H), 3.66 -3.60 (m, 2H) , 3.21 (d, J = 9.2 Hz, 1H), 3.10 -3.02 (m, 2H), 2.74 (dd, J = 9.3, 0.8 Hz, 1H), 2.62 -2.59 (m, 1H), 1.30 (t, J = 7.2 Hz, 3H).
13
C NMR (151 MHz, CDCl 3 ) δ 173. 0, 138.5, 128.6, 128.3, 127.1, 84.0, 77.9, 64.3, 60.9, 59.6, 56.5, 50.4, 47.9, 14.3 ) was added and the mixture stirred for 30 min followed by the addition of Et 2 O (50 mL). Subsequently H 2 O (0.04 mL) was dropwise added followed by NaOH (0.04 mL, 5M) and H 2 O (0.12 mL). The mixture was allowed to stir for 20 min followed by filtration of precipitates, concentration of the filtrate in vacuo to provide a colorless oil that was re-diluted in MeOH (6 mL) and degassed with argon for 15 min. To the degassed solution was subsequently added Pd/C (2.05 g, 1.93 mmol, 10%) and ammonium formate (12.14 g, 192 mmol) after which the mixture was refluxed for 1 h. The heating was discontinued and the mixture cooled to rt and passed through a plug of Celite and concentrated in vacuo to provide 4 (2.1 g, 14.67 mmol, 76% yield) as a yellow oil. followed by the slow addition of benzyl chloroformate (0.926 g, 0.775 mL, 5.43 mmol). The reaction mixture was continuously stirred for 3 h followed by the addition of NaOH (15 mL, 1M) and CH 2 Cl 2 (10 mL). The phases were separated and the aqueous phase was extracted with CH 2 Cl 2 (1 x 20 mL) after which the organic phases were combined, washed with brine, dried over MgSO 4 , filtered and concentrated in vacuo to provide a crude oil that was purified using silica gel chromatography to provide 5 (0.337 g, 1.215 mmol, 34% yield) as a dense colorless oil. 13 C NMR (151 MHz, CDCl 3 ) δ 154. 77, 136.54, 128.51, 128.49, 128.08, 128.07, 127.95, 81.41, 80.98, 76.10, 76.04, 67.00, 61.79, 61.68, 55.08, 54.93, 47.85, 47.53, 46.63, 46.19, 45.34 2, 199.0, 154.6, 136.3, 128.5, 128.2, 128.1, 128.0, 82.4, 81.8, 75.9, 75.8, 67.3, 56.2, 55.6, 54.5, 54.3, 46.9, 46.2, 44.6, 44 and Pd/C (99 mg, 0.093 mmol, 10%) under argon and the resulting mixture was refluxed for 15 min. Subsequently after cooling to rt, MeOH (15 mL) was added and the catalyst removed by filtration using a pad of celite. The filtrate was concentrated in vacuo to provide a colorless oil that was re-solvated in CH 2 Cl 2 (4 mL) at 0 °C. To this cooled solution was added Et 3 N (260 µL, 1.864 mmol) and benzyl carbonochloridate (175 mg, 146 µL, 1.025 mmol) and stirring was continued for 18 h followed by the addition of EtOAc (20 mL) and HCl (10 mL, 1M). The phases were separated and the aqueous phase extrated with EtOAc (1 x 20 mL) after which the phases were combined, washed with brine, dried over MgSO 4 , filtered and concentrated in vacuo to provide a yellow oil that was purified using silica gel chromatography to provide 7 (315 mg, 0.779 mmol, 84% yield) as a colorless oil. 4, 156.1, 154.6, 154.5, 136.4, 128.5, 128.5, 128.1, 128.1, 128.0, 80.0, 67.2, 55.5, 55.1, 52.4, 49.9, 49.2, 47.5, 46.9, 41.7, 40.9, 31.9, 28.3. (Conformers) 
6-benzyl 2-(tert-butyl) 8-(hydroxymethyl)-2,6-diazaspiro[3.4]octane-2,6-dicarboxylate (8):
To a solution of 7 (315 mg, 0.779 mmol) in toluene (6 mL, 0.125M) was added LiBH 4 (779 µL, 1.558 mmol, 2M) at 0 °C and the reaction mixture was stirred for 1 h followed by an increase of the temperature to 40 °C and a continuation of stirring for 2 h. Subsequently, EtOAc (10 mL) and half sat. aq. NH 4 Cl (5 mL) were added after which the phases were separated and the aqueous phase extracted with EtOAc (2 x 8 mL). The organic phases were combined, washed with brine, dried over MgSO 4 , filtered and concentrated in vacuo to provide a crude residue that was purified using silica gel chromatography to afford 8 (190 mg, 0.505 mmol, 65% yield) as a colorless oil. 3, 154.8, 136.5, 128.5, 128.5, 128.1, 128.1, 127.9, 79.9, 67.0, 67.0, 61.7, S4 61.5, 55.9, 55.8, 47.9, 47.6, 46.6, 45.7, 41.5, 40.7, 28.3 
6-Benzyl 2-(tert-butyl) 8-formyl-2,6-diazaspiro[3.4]octane-2,6-dicarboxylate (6b):
To a solution of oxalyl chloride (0.160 g, 0.110 mL, 1.262 mmol) in CH 2 Cl 2 (5 mL) was added DMSO (0.179 mL, 2.52 mmol) at -78 °C. The mixture was stirred for 5 min after which a solution of 8 (0.19 g, 0.505 mmol) in CH 2 Cl 2 (2 mL) was added dropwise and the mixture was further stirred for 35 min. Subsequently, DIPEA (0.882 mL, 5.05 mmol) was added dropwise at -78 °C after which the temperature was elevated to 0 °C and stirring continued for 1.5 h. Half sat. aq. NH 4 Cl (15 mL) was added and the phases separated. The aqueous phase was extracted with CH 2 Cl 2 (2 x 40 mL), the organic extracts combined, washed with brine and dried over MgSO 4 . Removal of solvents in vacuo provided a yellow oil that was purified using silica gel chromatography to provide 6b (0.150 g, 0.401 mmol, 79 % yield) as a yellow oil. 139.0, 128.4, 128.2, 126.9, 65.7, 65.0, 62.7, 59.9, 55.2, 53.9, 51.4, 43.2, 37.8, 33.6, 22.7 (9):To a stirred solution of 1c in Et 2 O (9 mL) was slowly added LiAlH 4 (1.11 mL, 1.11 mmol, 1M) in THF and the mixture was stirred at 0 °C for 75 min followed by the addition of water (0.25 mL), NaOH (0.25 mL, 5M) then water (0.75 mL). The white suspension was heavily stirred for 30 min followed by filtration and concentrated in vacuo to provide the crude product as a colorless oil that was purified by silica gel chromatography to afford 9 (0.229 g, 0.876 mmol, 87% yield) as a colorless oil. 4, 128.7, 128.7, 127.5, 66.3, 65.4, 64.2, 63.7, 60.5, 57.7, 48.7, 41.1, 39.9, 33.4 
tert-Butyl 4-(hydroxymethyl)-8-oxa-2-azaspiro[4.5]decane-2-carboxylate (10):
To a degassed solution of 9 (0.458 g, 1.752 mmol) in EtOH (3 mL) was added Pd(OH) 2 /C (0.350 g, 2.495 mmol, 20% wt). The mixture was stirred under H 2 (7 bar, 50 °C) and subsequently passed through a plug of Celite using THF (2 x 10 mL). To the filtrate was then added di-tert-butyl dicarbonate (0.421 g, 0.448 mL, 1.928 mmol) and the mixture was stirred for 2 days at rt. The mixture was subsequently concentrated in vacuo to provide an oil that was purified using silica gel chromatography to provide 10 (0.260 g, 0.96 mmol, 55% yield) as a colorless oil. 154.9, 79.7, 79.6, 65.4, 65.3, 65.0, 65.0, 61.2, 54.7, 54.0, 48.0, 47.6, 41.5 40.6 35.9, 35.8, 30.0, 29.8, 28.7, 28.6 1, 200.9, 154.4, 80.0, 79.9, 65.0, 64.8, 64.6, 58.8, 57.3, 54.4, 53.8, 43.8, 43.8, 42.7, 35.7, 31.1, 31.0, 28.4. (Conformers) 34 -7.28 (m, 8H), 7.26 -7.22 (m, 2H), 4.18 -4.08 (m, 2H), 3.66 -3.62 (m, 2H) 5, 139.4, 138.7, 129.3, 128.6, 128.4, 128.4, 127.1, 127.1, 63.5, 63.0, 60.5, 60.2, 55.8, 53.8, 51.7, 51.0, 44.1, 37.7, 33.1, 14.6 9, 154.8, 139.0, 128.4, 128.3, 126.9, 79.4, 62.0, 60.4, 59.9, 55.3, 53.5, 44.0, 32.5, 31.9, 28.4, 22.7, 14.3 (1 g, 2.48 mmol) in MeOH (13 mL, 0.2M) was added NH 4 HCO 2 (1.567 g, 24.84 mmol) and Pd/C (264 mmg, 0.248 mmol, 10 % wt) under argon and the resulting mixture was refluxed for 20 min. Subsequently after cooling to rt, MeOH (15 mL) was added and the catalyst removed by filtration using a pad of Celite. The filtrate was concentrated in vacuo to provide a colorless oil that was re-solvated in THF (15 mL) at rt. To this solution was added di-tert-butyl dicarbonate (651 mg, 2.98 mmol) and stirring was continued for 2 h followed by evaporation of volatiles and purification using silica gel chromatography to provide 12 (916 mg, 2.22 mmol, 89% yield) as a colorless oil. 8, 154.7, 154.6, 154.5, 154.4, 79.7, 60.8, 60.8, 53.5, 53.0, 52.2, 50.9, 46.5, 43.0, 34.8, 31.9, 30.1, 28.5, 28.4, 22.7, 14.3. (conformers .42 mmol, 2M) at 0 °C and the reaction mixture was stirred for 1 h followed by an increase of the temperature to 40 °C and stirring was continued for 2 h. Subsequently, EtOAc (10 mL) and half sat. aq. NH 4 Cl (5 mL) was added after which the phases were separated and the aqueous phase extracted with EtOAc (2 x 8 mL). The organic phases were combined, washed with brine, dried over MgSO 4 , filtered and concentrated in vacuo to provide a crude residue that was purified using silica gel chromatography to afford 13 (740 mg, 1.997 mmol, 90% yield) as a colorless oil.
1 H NMR (600 MHz, CDCl 3 ) δ 3. 88 -3.74 (m, 2H), 3.73 -3.66 (m, 1H), 3.57 -3.47 (m, 2H), 3.46 -3.33 (m, 1H), 3.29 -3.19 (m, 1H), 3.15 -3.06 (m, 1H) 201.0, 154.8, 154.6, 80.2, 80.1, 58.6, 54.1, 53.6, 44.1, 35.3, 28.7, 28.6. (conformers) . LC MS: RT ELSD (0.78 min/1.15 min) m/z = 213.1. 70 mmol) in CH 2 Cl 2 (42 mL, 0.3M) was added oxetan-3-one (1.83 g, 25.4 mmol) followed by Et 3 N (1.95 mL, 13.97 mmol) and molecular sieves (3Å) at rt. The mixture was stirred over the course of 3 days followed by filtration. The solvent was removed in vacuo to provide a powder that was
2-Oxa
